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(54) Vertebra for articulatable 
shaft 

(57) A shaft which is capable of 
flexing or articulation under remote 
control comprises a plurality of 
identical inter-engagings vertebrae 
sheathed by an outer tubular 
covering (8, 9), each vertebrae 
having a generally circular outer rim 
(1), an inner hub region (2), and a 
plurality of webs or spokes (3) 
interconnecting the outer rim and 
the inner hub region. The inner hub 
region presents a projection (6) on 
one face of the vertebra and a 
recess (5) on the other face of the 
vertebra, the projection and recess 
being of complementary shape and 
being such that the projections and 
recesses of adjacent vertebrae 
arranged in series inter-engage to 
permit rocking of one vertebra on 
the adjacent vertebra to provide 
flexing or articulation. The flexible 
shaft may form part of an 
endoscope or other similar medical 
instrument, or may be the shaft of 
an industrial instrument such as a 
bore-scope. 
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SPECIFICATION 

Vertebra for articulatable shaft 

5 Field of the Invention 

This invention relates to a vertebra for an 
articulatable shaft, such as the shaft of an 
endoscope or bore-scope, and to a shaft in* 
eluding a plurality of such vertebrae. The term 

10 "vertebra" is used because the vertebrae to- 
gether form the "backbone" of the shaft and 
enable the latter to articulate. 

Background to the Invention 

15 US Patent No. 4290421 discloses a fibres- 
cope having a flexible shaft the distal end of 
which can be articulated by remote control 
from a handle of the fibrescope. The distal 
end of the shaft has a series of vertebrae 

20 which are capable of rocking motion one on 
the next to enable the distal end of the 
firbrescope shaft to be articulated. Each verte- 
bra has a central through-bore and a central 
wire passes through the aligned bores of all 

25 the vertebrae to locate the latter. This known 
form of vertebra has been found to work well, 
but the present invention aims to provide a 
modified design of vertebra having particular 
advantages and not requiring the central wire. 

30 

Summary of the Invention 

According to the invention there is provided 
a vertebra for use with a plurality of identical 
vertebrae to be arranged in series at one end 

35 of a shaft which is capable of flexing or 

articulation under remote control, the vertebra 
having a generally circular outer rim, an inner 
hub region, and a plurality of webs or spokes 
interconnecting the outer rim and the inner 

40 hub region, the inner hub region presenting a 
projection on one face of the vertebra and a 
recess on the other face of the vertebra, the 
projection and the recess being of comple- 
mentary shape and being such that, when a 

45 plurality of vertebrae are arranged in series, 
the projections and recesses inter-engage to 
permit rocking of one vertebra on the adjacent 
vertebra to provide said flexing or articulation. 
The projection and recesss are preferably 

50 part-spherical, providing a knuckle joint which 
allows articulation between adjacent vertebrae 
in any plane. When a plurality of vertebrae 
are arranged in series, the inter-engagement 
of the projections and recesses provides lateral 

55 location for the vertebra, and it has been 
found that longitudinal location is adequate 
without the need for any central wire, as in 
US Patent No. 4290421. Accordingly, the 
inner hub region may be devoid of any 

60 through-bore or passage, thereby simplifying 
moulding of the vertebra. 

The vertebra may have a circular hole be- 
tween two adjacent webs or spokes for the 
passage of a pipe, such as a biopsy pipe in 

65 the case of an endoscope. The hole acts to 



maintain the pipe substantially circular in 
cross-section and thereby prevents it collaps- 
ing to a non-circular shape, which it may be 
prone to do when the flexible shaft end is 

70 bent to a small radius. There may be four 
webs or spokes, in which case the circular 
hole is arranged in one quadrant or sector. 

On the face of the vertebra presenting the 
recess, the webs or spokes are preferably co- 

75 planar with the rim, and the recess extends 
inwardly into the inner hub region from this 
plane. On the other face of the vertebra, the 
projection preferably projects outwardly be- 
yond the plane of the outer rim to provide the 

80 necessary clearance for rocking of one verte- 
bra on another. 

The vertebra is conveniently moulded from 
a rigid low cost plastics material which prefer- 
ably includes molybdenum disulphide as a 

85 minor additive (in amounts up to about 5% by 
weight) because of its natural lubricating pro- 
perties. 

The invention also includes within its scope 
a flexible shaft including a plurality of inven- 
90 tive vertebra arranged in series. The shaft may 
form part of an endoscope or other similar 
medical instrument, or may be the shaft of an 
industrial instrument such as a bore-scope. 
The invention will now be further described, 
95 by way of example, with reference to the 
accompanying drawings in which: 

Figure 1 is a view of one face of a vertebra 
forming the preferred emboidment of the in- 
vention, 

1 00 Figure 2 is a side view of the vertebra of 
Fig. 1, 

Figure 3 is a sectional view of the vertebra 
of Figs. 1 and 2, and 

Figure 4 is a fragmentary sectional view 
105 showing how the vertebrae are arranged in 
series and are capable of rocking one on the 
next. 

Detailed description of the drawings 

110 Referring to Fig. 1 , the vertebra is a 

moulded low cost component which typically 
has a diameter of about 1 2 mm making it 
suitable for inclusion in the distal end of an 
endoscope shaft. The vertebra has a generally 

1 1 5 circular outer rim 1 , an inner hub region 2 

and four webs or spokes 3 interconnecting the 
outer rim 1 and the hub region 2. At the 
points where the webs or spokes 3 join the 
outer rim 1 , there are four through-bores 4 to 

1 20 accommodate the four articulation wires (not 
shown) which effect articulation of the distal 
end of the endoscope shaft by remote control 
from the endoscope handle. 

On one side of the vertebra (the left hand 

125 side as shown in Figs. 2 and 3), the webs or 
spokes 3 are co-planar with the outer rim 1, 
and a hemispherical recess 5 extends inwardly 
into the hub region 2 from this plane. On the 
other side of the vertebra the hub region 

1 30 forms a projection 6 having a hemispherical 
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end complementary in shape to the recess 5. 

Between two of the webs or spokes 3 r the 
vertebra has a circular hole 7 for receiving, 
with a sliding fit, a biopsy pipe of the endos- 
5 cope shaft. Other endoscope functions, such 
as fibre-optic bundles carrying illuminating 
light to the distal end of the shaft and an 
image from the distal end of the shaft, are 
accommodated in the three other quadrants or 

10 sectors defined between the webs or spokes 3 
and the outer rim 1 . 

Fig. 4 shows how a plurality of vertebrae 
are arranged in series with the projections 6 
and recesses 5 interengaging to allow adja- 

1 5 cent vertebrae to pivot or rock one on another 
in any plane, in dependence upon the articu- 
lating motion applied to the shaft end by the 
articulation wires (not shown) passing through 
the holes 4. Fig. 4 also shows diagrammati- 

20 cally a wire braid 8 which surrounds the 
series of vertebrae and which is in turn 
sheathed by an outer covering 9. The biopsy 
pipe passes through the series of circular 
holes 7 which act to maintain the cross- 

25 section of the biopsy pipe substantially circu- 
lar, preventing collapse of its wall when the 
shaft end is articulated to a small radius. 

The vertebrae are easily moulded from a 
rigid low cost plastics material so that they are 

30 strong in compression, ensuring uniform over- 
all length of the series of vertebrae. A small 
amount of molybdenum disulphide (up to 
about 5% by weight) is added to the plastics 
material before moulding to improve the natu- 

35 ral lubrication properties of the moulded verte- 
brae. 

CLAIMS 

1 . A vertebra for use with a plurality of 
40 identical vertebrae to be arranged in series at 

one end of a shaft which is capable of flexing 
or articulation under remote control, the verte- 
bra having a generally circular outer rim, an 
inner hub region, and a plurality of webs or 

45 spokes interconnecting the outer rim and the 
inner hub region, the inner hub region pre- 
senting a projection on one face of the verte- 
bra and a recess on the other face of the 
vertebra, the projection and the recess being 

50 of complementary shape and being such that, 
when a plurality of vertebrae are arranged in 
series, the projections and recesses inter-en- 
gage to permit rocking of one vertebra on the 
adjacent vertebra to provide said flexing or 

55 articulation. 

2. A vertebra according to claim 1 , 
wherein the projection and recess are part- 
spherical. 

3. A vertebra according to claim 1, 

60 wherein a circular hole is provided between 
two adjacent webs or spokes for the passage 
of a pipe. 

4. A vertebra according to claim 1 , 2 or 
3, having four webs or spokes. 

65 5. A vertebra according to claims 3 and 4, 



wherein the circular hole is located in one 
quadrant or sector. 

6. A vertebra according to any one of the 
preceding claims, wherein the webs or spokes 

70 are co-planar with the rim on said other face 
of the vertebra presenting the recess, and the 
recess extends inwardly into the inner hub 
region from this plane. 

7. A vertebra according to any one of the 
75 preceding claims, wherein on said one face of 

the vertebra presenting the projection, the 
projection projects outwardly beyond the 
plane of the outer rim to provide the neces- 
sary clearance for rocking of one vertebra on 
80 another. 

8. A vertebra according to any one of the 
preceding claims, made of moulded plastics 
material. 

9. A vertebra according to claim 8, 

85 wherein molybdenum disulphide is added to 
the plastics material prior to moulding. 

10. A vertebra substantially as herein de- 
scribed with reference to, and as shown in, 
the accompanying drawings. 

90 11. A flange shaft including a plurality of 
vertebrae in accordance with any one of the 
preceding claims arranged in series with adja- 
cent projections and recesses inter-engaging. 

12. A flexible shaft according to claim 1 1 , 
95 wherein the inter-engaged vertebrae are 

sheathed by an outer tubular covering. 

13. A flexible shaft substantially as herein 
described with reference to, and as shown in, 
the accompanying drawings. 

100 14: An endoscope comprising a shaft in 
accordance with claim 1 1, 12 or 13. 

15. A bore-scope comprising a shaft in 
accordance with claim 1 1 , 1 2 or 1 3. 
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